Rainwater scarcity is not limited to the arid climate regions, but in areas with good supply, the access to safe water is becoming a critical problem. In major parts of the country, despite accumulated flooding in high risk areas, it remains dry leading to drought or drought like situations during major part of the year. Even after good monsoon, water shortage for agriculture occurs due to lack of proper rainwater management, in-situ water storage, low water holding capacity of soils, low infiltration, larger intra/inter rainfall fluctuations and high evaporation demand (Suraj Bhan, 2009 ). In-situ harvesting of every drop of rain water is very essential for promoting sustainable agriculture in semi-arid regions (Goyal, et al., 1995) . The successful production of rainfed crops largely depends on efficient soil moisture conservation, surplus runoff harvesting and its utilization for supplemental or protective irrigation. There are divergent views on the actual potential and scope of farm ponds for water harvesting and its likely impact on enhancing food production. This is because of the uncertainty on availability of surface water for harvesting due to varied geographical features, soil types, slopes, rainfall and high capital investment (Sastry & Singh, 1993) . Considering this, the present study was taken up to assess the surface runoff potential of Vertisols, harvesting efficiency of farm pond and storage losses of harvested water in assured rainfall zone of Marathwada region of Maharashtra state.
Materials and Methods

Climate
Marathwada region falls under semi-arid tropic with highest maximum temperature of 43 0 C during the month of May, while the lowest minimum temperature of 11 0 C during the month of December. Considering agro-climatic zones, mostly 80% area of the region come under assured rainfall zone with mostly kharif cropping and 20% moderately high rainfall and scarcity zone. Soils of the region comprise 60 to 70% medum to deep Vertisols. Under rainfed farming in kharif season cotton, soybean, pigeonpea, sorghum and in rabi season sorghum, chick pea, safflower are grown. South-west monsoon is the major source of rainfall in the region with average annual rainfall of Parbhani as 890 mm with 48 rainy days.
Location
The present study was conducted with dug out farm pond, developed from murum quarry at Demonstration-cum-Mega Seed Production Farm, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. The soils in the catchment of farm pond are medium deep to deep black and mostly clayey in texture with pH 7.5. The soil strata at the farm pond site comprised top clay soil layer 1.0 to 1.25 m, followed by 1.5 to 1.8 m soft murum and then hard murum. 
Components of farm pond
Storage capacity of farm pond
From grid survey of farm pond storage area at 0.25 m vertical interval, incremental storage capacity was calculated. Average elevation and water spread area were also determined at the embankment top, pond bottom and outlet crest. The storage capacity of the farm pond was calculated using Trapezoidal formula (Sastry & Mittal, 1987) , Stage-storage and stage-water spread area curves were drawn and subsequently used for daily water balance component analysis of farm pond. Storage capacity of farm pond at outlet crest (2.20 m average depth) was observed as 1080 m 3 .
Farm Pond Water Balance Analysis
The parameters of farm pond water balance, such as precipitation, evaporation, inflow-outflow and change in storage depth were monitored on daily basis during monsoon season and analyzed to determine storage losses from harvested water. Precipitation and evaporation data were recorded at same location in Meteorological Observatory, VNMKV, Parbhani. Daily loss of stored water due to evaporation was determined from daily pan evaporation and average water surface area in the farm pond. Evaporation loss was subtracted from change in storage volume over the period to determine surface/subsurface inflow or outflow.
Measurement of Inflow/Outflow
Inflow and outflow were measured manually by recording the flow depth at inlet and outlet with respect to time and stormwise inflow and outflow were determined using rectangular weir formula (Wasi Ullah et al., 1972) ,
in which, Q = Discharge, cft/sec L = Effective length of weir, feet and H = Head, feet
Runoff samples from inflow were also collected and analyzed to determine soil loss.
Assessment of storage losses
Major losses from harvested water in farm pond were evaporation and seepage losses. The daily evaporation loss through farm pond was calculated using the following formula, 
Silt deposition
Silt deposited in water storage area of farm pond was determined during 2010 by measuring the area of silt deposition and the depth of silt with respect to side slope and bottom, at grid interval of 4 m. Water content of the silt samples was also measured to determine dry density of silt and its corresponding weight.
Reutilization of harvested water
Water harvested in the farm pond was utilized for applying protective irrigation to soybean crop 
Results and Discussion
Rainfall
On the basis of an average from 2010 to 2013, 937.63 mm rainfall was received at Parbhani during June to December in 52 rainy days, whereas long term average is 968.13 mm and 55 rainy days. July was found as the wettest month with average monthly rainfall of 329.08 mm, in 15 rainy days followed by the month of August and September with an average monthly rainfall of about 206 mm in 12 rainy days (Table 1) .
Runoff
Inflow to the farm pond was determined from storm-wise volume of water harvested during 2010 and actual measurement at inlet during 2013 (Table 2) . From the catchment area of 2.04 ha in 2010 & 2011 and 1.60 ha in 2013 a total runoff of 80.41 mm was generated due to a total runoff producing rainfall of 646.80 mm during three years, which accounted as 12.43% of rainfall and effective in producing equivalent average runoff volume of 749.48 m 3 per year.
Development of stage-storage and stage-water spread area curves
Stage-storage and stage-water spread area relationship of the farm pond was developed in the form of curve using data on storage capacity and water spread area with respect to stage of water above pond bottom (Figure 1 ). The developed curve was further used in daily analysis of components of water balance. (Table 3) indicated that on an average, a total of 1816.82 m 3 rainwater was harvested during July to December, due to runoff generating successive rain events in wet rainfall years against average seasonal (June-December) rainfall of 1022.77 mm. Considering the catchment area of 1.60 ha, the harvesting potential of farm pond was worked out as 11.10% of rainfall, indicating approximately 1.33% loss during runoff conveyance from catchment to farm pond through channel of length 95 m. On the basis of data of 2010 and 2013, average monthly storage in . Rainwater harvested and stored in the farm pond was analyzed for partitioning the storage losses. However, 0.09% i.e. 13.50 m 3 and 4.50 m 3 rainwater harvested was utilized for protective irrigation under research projects during 2010 and 2013, respectively. From harvested water, an average total evaporation loss of 150.59 m 3 (8.67%) and seepage loss of 1567.51 m 3 (90.29%) was observed during the period from July to December. Similarly, on the basis of data during wet years 2010 and 2013, an average daily evaporation and seepage loss for the months from July to December, were worked out (Table 4) .
Reutilization of harvested water
Protective irrigation from harvested water was provided to soybean at maturity stage during the prevailing critical dryspell of 21 days from 19 th August to 8 th September, 2013. Treatment of protective irrigation recorded significantly higher soybean grain yield (2179 kg/ha) than control (1665kg/ha) and recorded 30.87% higher soybean grain yield over control i.e. without protective irrigation (Table 5) . to December and could be utilized for protective irrigation to 0.87 ha area. Volume of harvested water during September and October was in the range of 1/2 to 3/4 th of storage capacity and can be utilized for protective irrigation to about one hectare area. 
